We propose an supersymmetric explanation of the diphoton excess in the Minimal Supersymmetric Standard Model with the leptonic R-parity violation. Where the sneutrino serves as the 750 GeV resonance and produced through quark anti-quark annihilation. With introducing appropriate trilinear soft parameters, we show that the diphoton branching ratio is significantly enhanced compared with the conventional MSSM. The parameter space favored by diphoton excess strongly indicates the mass of smuon and stau fall into the range 375 − 410 (375-480) GeV, which depending on the electroweakino masses. In addition, the R-parity-violating trilinear couplings involved with second generation quarks are both favored by compatibility of diphoton excess and low-energy constraints.
1. Introduction-Recently, both ATLAS and CMS reported an excess on diphoton channel around the invariant mass M 750 GeV in the run II data of LHC at √ s = 13 TeV. For ATLAS observation, the local significance of the excess reaches 3.9 σ with a best-fit width of about 45 GeV (Γ/M 0.06) [1] . While for CMS observation, the local significance is 2.6 σ and the best-fit prefers a narrow width [2] . The corresponding signal cross sections can be estimated as: σ 13TeV pp→γγ (10 ± 3) fb for ATLAS [1] , (6 ± 3) fb for CMS [2] .
(
Although it may be eventually identified as a fluctuation, the possibility of a new resonance is likely to be strong hints for new physics beyond the standard model (BSM). Which has inspired many model building efforts in various phenomenological frameworks .
One of the most intriguing problems is then whether or not this excess can be interpreted in the framework of Supersymmetry (SUSY). In this direction, current works focus on the heavy Higgs candidates in the Minimal Supersymmetric Standard Model (MSSM) and the Next-toMinimal Supersymmetric Standard Model (NMSSM) [7] . Unfortunately, it is found that the diphoton branching ratio reaches only O(10 −6 ) even in the case of tan β ∼ 1 which is the lower limit required by the Renormalization Group Equation (RGE) of Yukawa couplings. As a result, one has to introduce extra vector-like fermions to alleviate the discrepancy of diphoton rate between the model prediction and experimental requirement. In this paper, we suggest a novel approach to explain such excess without the need of any ad-hoc addition of extra particles. We consider the framework of Leptonic Rparity-violating (LRPV) MSSM, where the 750 GeV resonances is identified with the sneutrino and produced via quark anti-quark annihilation. The diphoton excess is then originated from its loop-induced decay. With introducing appropriate LRPV soft breaking trilinear terms, the diphoton branching ratio receives significant enhancement compared with conventional MSSM due to the contribution of sleptons in the loop.
The organization of paper is as follows: In section 2, we introduce our model and illustrate the mechanism of diphoton enchantment. In section 3, we then explore the parameter space in our model with taking into account relevant LHC limits and low-energy constraints. The last section is devoted to conclusion.
2. LRPV MSSM-We start with the superpotential of LRPV model [38] :
In above equation, the SU (2) L and SU ( 
k operators and the first term is anti-symmetric in i, j indices. In our model, sneutrino serves as 750 GeV resonance. We therefore only list the relevant soft interactions for sneutrino sector:
where the fields with tilde denote the scalar fermion superpartners. As is shown in Eq. 2 and 3, the production and decay properties of sneutrino are determined by λ . Here we only consider the first generation sneutrinoν e as a illustration. It is straightforward to include the other generations by multiplying a factor to the signal strength if one takes the degenerate mass spectrum. In order to compute the loop-induced decaỹ ν e → γγ, we divide the sneutrino into its CP-even and CP-odd part,ν
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We first investigate the contributions from fermionic loop. This calculation is analogous to the CP-even/odd neutral Higgs decay into diphoton and into di-gluon in the MSSM. One obtains following partial widths [39] ,
where the sum in Eq. 5 (Eq. 6) runs over all downfermions (down-quarks). Furthermore, N c = 3 is the number of colors and α (α s ) is the QED (QCD) fine structure constant. e dj = −1/3 is the electric charge of down-type quarks, τ = 4m 2 /m 2 ν with m the mass of particles running in loop. The loop function A ± 1/2 is given by [40] ,
The structure of A ± 1/2 implies that A ± 1/2 /m → 0 when m → 0. This feature indicates that loop contribution from quarks and leptons are highly suppressed except for the third generation, i.e., bottom quark and tau lepton. While including the contribution of third generation fermions also introduce a new decay modes like Γ(ν → bb) and Γ(ν → τ + τ − ), which considerably suppress the branching ratio of diphoton mode. Moreover, the production of sneutrino through bb channel is expected to be much smaller than that of first two generation quarks. Due to the above reasons, we do not consider the case of third generation and assuming j, k = 1, 2 for λ 1jk 1 and λ 1jk 2 . We then take into account contribution from sfermions. As we will show later, which plays a crucial role in diphoton enhancement. The decay modes in Eq. 5 and 6 can be safely neglected in this case. Notice that we can simply treated CP-evenν + as the resonance since the sfermion loops can not give any contribution to CP-oddν − . The corresponding partial widths are given by,
where
In this case, the mass eigenstates of sleptons (only second and third generations are involved since T 1jj λ2 is antisymmetric in 1, j indices.) and squarks (can be both three generations) do not coincide with the gauge eigenstates due to introduce non-zero mixing trilinear terms. Here θ 1 /θ 2 being the mixing angle between left-handed and right-handed slepton/squarks, respectively. In order to enhance diphoton partial width as much as possible, we assume maximal mixing scenario in this paper, i.e., setting θ 1 = θ 2 = π/4. As a consequence, the mass eigenstates tend to have a large splitting thus the contributions from heavier ones can be ignored in the loop calculation.
One immediately find that both δΓ(ν + → γγ) and δΓ(ν + → gg) are proportional to T λ /mf . To enhance the diphoton partial width effectively, one thus prefers large soft trilinear term T λ and relatively light sfermion. Unfortunately, the di-gluon partial width is also received enhancement in this way and the ratio of two modes is roughly estimated as α 2 s /α 2 . As a result, the total effect of sfermion loops actually reduces the diphoton branching ratio. The simplest way to solve this dilemma is choose T ijk λ2 = 0, which forbidding the contribution of squarks and only leaving sleptons in the loop. One thus has
and δΓ(ν + e → gg) = 0. We finally obtain a valid recipe in LRPV MSSM which successfully enhances diphoton partial width while avoiding unwanted di-gluon mode.
In the rest of this section, we deal with other important decay modes of sneutrino:
• Decaying into first two generation di-quarks via LQD c operator with the partial width,
It is the inverse process of sneutrino production thus unavoidable and dominates the branching ratios in general. This decay mode leads to dijet final states and impose stringent constraint on λ 1jk 2 .
• Decaying into di-lepton via LLE c operator, which is severely limited by LHC di-lepton resonance searches [47] . This decay mode can not be forbidden kinematically due to the lightness of leptons. We thus assuming λ ijk 1 is negligible to remove this dangerous mode.
• Decaying into squark and slepton pairs due to the soft trilinear terms T λ2νLdLd * R and T λ1νLẽLẽ * R , respectively. Among them, the di-squark mode is automatically vanished since we have taken T λ2 = 0. While for di-slepton mode, we must keep large T λ1 since it is also responsible for enhancing the diphoton partial width. We therefore forbid di-slepton mode kinematically by setting mμ ,τ > 375 GeV.
• Decaying into electroweakinos (neutrlinos and charginos) through gauge interaction. They have following partial widths [41] :
Where the coefficient
for the neutralinos (charginos) case. with N a2 and V a1 the elements of mixing matrix.
• Finally, decaying into neutral gauge bosons Zγ and ZZ via the same loop diagram as the diphoton mode. However, their contributions to the total decay width are much smaller than other modes discussed above. We therefore neglect these two modes in the following discussion and numerical calculations.
In summary, one leaves three modes in the decay pattern of sneutrino:ν e → γγ via slepton loops,ν e → d jdk and ν e →χ 0 ν e ,χ + e − . The total decay width is then Γ tot = Γ γγ + Γ dd + Γ χl , with the branching ratio of diphoton and di-quark modes are respectively BR γγ = Γ γγ /Γ tot and BR dd = Γ dd /Γ tot .
3. Diphoton excess and LHC constraints-In this section, we investigate the diphoton signal rate in our model. For this purpose, we use SARAH [42] to generate UFO model file [43] , and MadGraph5_aMC@NLO [44] to calculate the production cross section of sneutrino with CTEQ6L1 [45] parton distribution function (PDF). Based on the discussion in section 2, we have following input parameters: [ml, mχ± , mχ0, T , respectively. Before showing our results, we make some comments on the choice of parameters in the numerical analysis. We work in the framework of simplified SUSY models, with only involving sleptons and electroweakinos in the mass spectrum. In this scenario, one can take either light or heavy electroweakinos, which has significant impact on the total decay width of sneutrino. The current LHC limits on RPV SUSY models are reviewed in Ref. [46] . Those related to our model are constraints on LLE c and LQD c interactions. For LLE c operator, by assuming χ 0 1 as a lightest supersymmetric particle (LSP) and using simplified models, one obtains following approximate upper bounds on superpartner masses:
• gluino masses mg > 950 GeV,
• light stop masses mt 1 > 820 GeV,
• charged slepton masses ml > 240 GeV,
• sneutrino masses mν > 400 GeV,
• wino-like chargino masses mχ±
It is obviously that above limits can be easily escaped through chosing heavy gluino and squarks and arranging the mixing matrix of charginos. Moreover, noticed that we assumed the relevant couplings λ 1 is negligible in our model. Therefore, these bounds are still relaxed significantly even we do not apply the heavy spectrum. Similarly, constraints based on LQD c operators also do not threat our model since the relevant searches are mainly investigated with stop-pair production and setting stop masses up to 1 TeV. Based on above discussion, we choose mχ± ,χ 0 = 350 (800) GeV for the case of light (heavy) electroweakinos, and taking gluino and squarks are heavier than 1 TeV. In order to extract the key features from the parameter space, we further make following assumption:
• The soft trilinear couplings T λ1 are fixed as T Which is resulted from PDF dependence of first and second generation quarks. In the narrow width approximation, the diphoton signal rate can be calculated as
Currently, the most stringent LHC constraint for our model coming from dijet and diphoton resonance searches performed at LHC 8 TeV. Corresponding upper bounds at 95% confidence level yield σ 8TeV pp→jj < 2.5 pb [48] and σ 8TeV pp→γγ < 1.5 fb [49, 50] , respectively. Since they have different impact on the model parameter space, we discuss them one by one. We start with dijet constraint. The cross section of dijet final states resulted fromν e decay is given by,
In addition, selectron decayẽ ± L → u jdk /ū j d k also contributes to dijet final states. Whose cross section can be well approximated by,
Where
and Γ χl are obtained by replacing mν e in Eq. 12 and 13 to mẽ∓ L , respectively. In Eq. 17, we have ignored the loop-induced decay modes W Z and W γ since they are high suppressed compared with tree-level ones. Notice that the mass splitting for the left-handed slpeton are determined by model independent relation m We first investigate the case of light electroweakinos. We require that signal cross sections respectively satisfy the CMS and ATLAS observations which are listed in Eq. 1, with imposing the dijet upper bound σ 8TeV pp→jj < 2.5 pb. In figure 1 and 2, we respectively display the allowed regions for each independent operator in [mμ ,τ , λ ijk 2 ] plane for CMS and ATLAS observations. In addition, the largest total decay width can be reached in each parameter regions are also shown. There are some important results can be learned from these figures:
• All the independent couplings can fit the CMS observation. The upper bounds of allowed regions for different couplings λ 2 have inverse hierarchy with that of production rate in Eq. 14 since a smaller production cross section makes a larger upper bound of coupling. Furthermore, λ 111 2 and λ 112, 21 2 give roughly comparable parameter space while λ coupling hold relatively small regions. Which is due to the fact that λ 122 2 has the smallest production cross section, making it can only fit the signal rate in a narrow mass regions. On the other hand, λ tot 2 gives the largest senutrino production with the smallest diphoton branching ratio.
As a result, it takes moderate diphoton signal rate. While the dijet constraint is most stringent for λ tot 2 , thus significantly reduces its parameter space.
• We further address constraint from diphoton channel. Since current upper limit for this channel is σ 8TeV pp→γγ < 1.5 fb, compatibility of diphoton excess between LHC 8 TeV and 13 TeV has to be examed. In figure 3 , we present allowed parameter space in the same plane with imposing both dijet and diphoton constraints. where the diphoton signal rate at LHC 8 TeV is computed as
In this case, we find that the parameter space for AT-LAS observation is entirely ruled out. Even for CMS result, allowed parameter regions for different couplings are also changed dramatically. To be specific, the parameter space is disappeared for λ coupling. To understand such behaviors, one noticed that the growth of production cross sections at LHC 13 TeV and 8 TeV are different for the first and second generation quarks. From table I, we find that the increasing of cross sections forν e production are given by, 
Due to different PDF dependence, the growth ratio for second generation quarks are higher than that of first generation, leading to the couplings involved with second generation quarks (λ   122  2 and λ
112,21 2
) have more significant increasing on signal rate. Meanwhile, the growth of observed diphoton signal rate from LHC 8 TeV to 13 TeV are estimated as
Based on Eq. 19 and 20, it is clearly that none of couplings in our model can fit the ATLAS observation and simultaneously guarantee the compatibility of diphoton excess between LHC 8 TeV and 13 TeV. On the other hand, the situation is much better for CMS observation. In this case, couplings λ are more advantageous since they are benefit from large growth ratio of second generation quarks, thus preserving the compatibility of diphoton excess as much as possible. While for λ 111 2 coupling which only involved with first generation quarks, whose increasing of cross section is slightly larger than the lower bound of growth of CMS diphoton signal rate, thus disfavored by compatibility of diphoton excess. Finally, coupling λ tot 2 is totally excluded due to stringent dijet bound although possessing second smallest of increasing.
Next, we briefly discuss the case of heavy electroweakinos. The remarkable difference is that the decay mode related to electroweakinos is kinematically forbidden in this case, leading to Γ χl = 0. Which clearly enhances the branching ratio of diphoton mode, while with the price of reducing total decay width. Similar with the case of light electroweakinos, the parameter space for ATLAS observation is also disappeared after imposing both dijet and diphoton constraints at LHC 8 TeV. We thus only present results on CMS observation in Fig. 4 . The changing of parameter space are summarized as follows:
• the allowed mass regions for smuon/stau are extended up to about 480 GeV,
• the largest total decay width in each parameter regions are correspondingly reduced. For instance, Γ tot respectively drop to 17 GeV and 1 GeV for λ 122 2
and λ 111 2 . Before ending up this section, we mention that the parameter space of λ 2 in Figs. 3 and 4 should be also consistent with the exisiting low-energy constraints. The indirect bounds coming from various low energy experiments are collected in Ref. [38] 
In above equation, mf and mg /χ respectively denote sfermion, gluino/neutralino masses. The notations in the brackets stand for the corresponding low-energy constraints which are illustrated as follows:
• ββ0ν: neutrinoless double beta decay of nuclei, constraining by the lower limit on the half-life of 76 Ge isotope [52] [53];
• V ud : charged current universality in the quark sector, constraining by the experimental value of the CKM matrix element V ud [54] ;
• A F B : forward-backward asymmetries of fermion pair production process via Z boson resonant One can see that most of low-energy constraints rely on squark and gluino masses which are decoupled in our spectrum, thus are harmless for the parameter space of λ 2 . The only threatening constraint coming from the ββ0ν, which involved with charged slepton and neutralino masses thus imposing very stringent bound on λ received significantly enhancement compared with conventional MSSM. The important features and predictions of our model are summarized as follows:
• In our model, the sneutrino resonance is produced viaannihilation. Which is distinct from models produced by gg initial state. The two production channel can be distinguished in principle by using angular distributions with sufficiently large statistics.
• With considering dijet and diphoton constraints at LHC 8 TeV, our model can successfully fit the CMS data in sizeable parameter regions. While for large signal cross section and a width of 45 GeV suggested by ATLAS data, the parameter space is entirely ruled out. Fitting the excess strongly favors the mass of stau and smuon within the range of 375 − 410 (375 − 480) GeV for the case of light (heavy) electroweakinos. Which is a strong prediction for mass spectrum of slepton sector.
• The predicted total decay width can reaches 30 (17) GeV for light (heavy) electroweakinos.
• The low-energy constraint from neutrinoless double beta decay imposes severe bound on coupling λ 111 2 . Combined with the compatibility of diphoton excess between LHC 8 TeV and 13 TeV, the couplings involved with second generation quarks have more advantages.
Note added-After a few days we submitted our paper to arXiv, Ref.
[57] appeared, which explains the diphoton excess using the similar scenario. The difference is that the authors consider degenerate electron or moun sneutrino as the resonance and producing only through first generation quarks. In addition, they do not discuss the compatibility of diphoton excess between LHC 8 TeV and 13 TeV.
